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The asymmetric unit of the title compound, C21H26O4S, 
consists of two independent molecules. In both molecules, 
intramolecular O— H- ■ O hydrogen bonds stabilize the mol- 
ecular structure. In the crystal, each molecule and its 
symmetry-related molecule by twofold rotation form a dimer 
through a pair of intermolecular C— H- ■ O hydrogen bonds. 
In one of the molecules, the thiophene group is disordered 
over two sets of sites with occupancies of 0.735 (3) and 
0.265 (3). 

Related literature 

For general background to the title compound, see: Tietze & 
Beifuss (1991); Suh et al. (2000); Choudhary et al, (2006). For 
stability of the temperature controller used in the data 
collection, see: Cosier & Glazer (1986). 




Experimental 

Crystal data 

C21H26O4S 
M, = 374.48 
Tetragonal, IA l /a 
a = 20.3770 (1) A 
c = 36.9066 (7) A 
V = 15324.4 (3) A 3 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
= 0.930, r max = 0.955 

Refinement 

R[F 2 > 2a(F 2 )} = 0.049 
wR(F 2 ) = 0.132 
S = 1.05 

11335 reflections 
518 parameters 
86 restraints 

Table 1 

Hydrogen-bond geometry (A, °). 



Z = 32 

Mo Ka radiation 
jx = 0.19 mm~' 
T = 100 K 

0.38 x 0.28 x 0.24 mm 



162998 measured reflections 
11335 independent reflections 
9435 reflections with / > 2a(l) 
R in . = 0.053 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.85 e A~ 3 

Ap^ = -0.81 e A~ 3 



D-H 


■A 




D-H 


H- ■ A 


D-A 


D-H- - A 


03A- 


ITL43- 


■OlA 


0.88 (3) 


1.71 (3) 


2.5638 (15) 


164 (2) 


02B- 


H1B2- ■ 


■04B 


0.90 (3) 


1.71 (3) 


2.5719 (15) 


159 (3) 


03B- 


H1B3- ■ 


■OIB 


0.82 (3) 


1.84 (3) 


2.6569 (17) 


170 (3) 


02A- 


H\A2- 


■04.4 


0.87 (3) 


1.79 (3) 


2.6393 (15) 


165 (2) 


CWA- 


-H10A- 


■ OlA' 


0.99 


2.48 


3.4530 (18) 


169 


C16B- 


-H16D- 


■ 04B" 


0.99 


2.60 


3.5688 (18) 


167 



t Additional correspondence author, e-mail: oocw@usm.my. 
§ Thomson Reuters ResearcherlD: A-3561-2009. 



Symmetry codes: (i) — x + 1, — y + |, z\ (ii) — x + 2,—y + \, z. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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3-Hydroxy-2-[(2-hydroxy-4,4-dimethyl-6-oxocyclohex-l-en-l-yl)(thiophen-3-yl)methyl]-5,5-di- 
methylcyclohex-2-en-l-one 

M. Asad, C.-W. Oo, H. Osman, M. M. Rosli and H.-K. Fun 
Comment 

We reported here the crystal structure of a bis compound which was synthesized from thiophene-3-carboxaldehyde and an 
active methylene compound, 5,5-dimethylcyclohexan-l,3-dione (dimedone) by using well-known Knoevenagel condensa- 
tion reaction. This reaction was generally used in organic synthesis for C-C bond formation (Tietze & Beifuss, 1991) and 
active methylene compounds like dimedone was used as a precursor for many heterocyclic compounds (Suh et al. , 2000; 
Choudhary et al, 2006). 

There are two independent molecules in the the asymmetric unit (Fig. 1) and all parameters are within normal 
ranges. In one of the molecules, the thiophene group was disordered over two positions with refined site occupancies 
of 0.735 (3):0.265 (3). In both molecules, intramolecular hydrogen bonds 03A/B— H1A/B3-01A/B and 02A/B — HI A/ 
B2 - 04A/B (Table 1) help to stabilize the molecular structure. In the crystal structure, the two sets of molecules are inter- 
connected by two intermolecular C10A — H10A - O1A 1 and C16B — H16D - 04B 11 hydrogen bonds to form dimers (Fig. 2). 

Experimental 

A mixture of thiophene-3-carboxaldehyde (4.46 mmol, 0.5 g) and dimedone (8.92 mmol, 1.25 g) in 20 ml of methanol 
was stirred overnight at room temperature. The completion of the reaction was monitored by TLC. After the reaction was 
completed, the crude product was separated, fdtered, washed with methanol and dried. The isolated product was further 
purified by recrystallization from chloroform-methanol (1:1 v/v) to give the pure title compound in 85% yield. 

Refinement 

One of the thiophene group was disordered over two positions with refined site occupancies of 0.735 (3):0.265 (3). The 
same C/jj parameters were applied to the C1B/C1Y and C3B/C3Y. Distance and rigid body restraint were used on disorder 
part of the molecular structure. O-bound H atoms were located from the difference map and refined freely. The rest of H 
atom were positioned geometrically with C — H = 0.95-1.00 A and refined using a riding model, with (7i S0 (H) = 1.2t/ e q(C) 
or 1.5C/ eq (C met h y i). 

Figures 

Fig. 1. The molecular structure of the title compound, showing 50% probability displacement 
ellipsoids and the atom-numbering scheme. Hydrogen atoms are shown as spheres of arbitrary 
radius. Dashed lines indicate the O — H O hydrogen bonds. 
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Fig. 2. A packing diagram of the title compound, viewed along the c axis. Dashed lines in- 
dicate hydrogen bonds. Minor components and H atoms not involved in the hydrogen bonds 
have been omitted for clarity. 



3-hydroxy-2-[(2-hydroxy-4,4-dimethyl-6-oxocyclohex-1 -en-1-yl)(thiophen- 3-yl)methyl]-5,5-dimethylcyclohex-2- 
en-1 -one 



Crystal data 




C21H26O4S 


D x = 1.298 Mgm 3 


M„ = 374 48 


Mn Kn radiation \ = 0 71073 A 


Tetragonal, IA\la 


Cell parameters trom 9719 reflections 


Hall symbol: -1 4ad 


6 = 2.2-29.9° 


a = 20.3770 (1) A 


Li = 0.19mm _1 


c = 36.9066 (7) A 


T= 100 K 


V= 15324.4 (3) A 3 


Block, colourless 


Z=32 


0.38 x 0.28 x 0.24 mm 


F (000) = 6400 




Data collection 




Bruker SMART APEXII CCD area-detector 
diffractometer 


11335 independent reflections 


Radiation source: fine- focus sealed tube 


9435 reflections with / > 2o(I) 


graphite 


R int = 0.053 


(p and co scans 


6max = 30.2°, 6 m ; n = 1 .8° 


Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 


h = -28^28 


r min = 0.930, 7 max = 0.955 


k = -28^28 


162998 measured reflections 


/ = -52^51 




Refinement 



Refinement on F 
Least-squares matrix: full 

R[F 1 > 2o{F 2 )] = 0.049 
wR(F 2 ) = 0.132 
S= 1.05 

11335 reflections 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[a 2 (F 0 2 ) + (0.0603P) 2 + 23.1894P] 

where P = (F 0 2 + 2F c 2 )/3 



(A/0% 



0.001 
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5 1 8 parameters Ap max = 0.85 e A 

86 restraints Ap min = -0. 8 1 e A~ 3 

Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier & 
Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 




S1A 


0.26498 (2) 


0.53295 (2) 


0.064534 (12) 


0.02667 (10) 


OlA 


0.43198 (5) 


0.66891 (5) 


0.06947 (3) 


0.01577 (19) 




u.jzod i yj) 


U. / yO / 1 yj) 


U.U 1 VOZ ^3 ) 


U.U lOJ yZ. ) 


03A 


0.48148 (5) 


0.58783 (5) 


0.02392 (3) 


0.0160 (2) 


04A 


0.38506 (5) 


0.71916(5) 


-0.06694 (3) 


0.0177 (2) 


CIA 


0.29441 (7) 


0.60778 (7) 


0.05155 (4) 


0.0174 (3) 


H1AA 


0.2849 


0.6476 


0.0639 


0.021* 


C2A 


0.30093 (7) 


0.49167 (6) 


0.03039 (4) 


0.0136(2) 


H2AA 


0.2976 


0.4458 


0.0261 


0.016* 


C3A 


0.33798 (7) 


0.53824 (7) 


0.00845 (4) 


0.0184 (3) 


H3AA 


0.3627 


0.5260 


-0.0123 


0.022* 


C4A 


0.33333 (6) 


0.60401 (7) 


0.02128 (4) 


0.0140 (2) 


C5A 


0.36197 (6) 


0.66325 (6) 


0.00161 (3) 


0.0126 (2) 


H5AA 


0.3278 


0.6755 


-0.0166 


0.015* 


C6A 


0.36899 (6) 


0.72403 (6) 


0.02540 (4) 


0.0126 (2) 


C7A 


0.34849 (7) 


0.78460 (7) 


0.01386 (4) 


0.0143 (2) 


C8A 


0.34971 (7) 


0.84505 (7) 


0.03702 (4) 


0.0168 (3) 


H8AA 


0.3092 


0.8706 


0.0324 


0.020* 


H8AB 


0.3875 


0.8725 


0.0296 


0.020* 


C9A 


0.35486 (7) 


0.83136 (7) 


0.07775 (4) 


0.0139 (2) 


C10A 


0.40850 (7) 


0.77994 (7) 


0.08357 (4) 


0.0154 (3) 


H10A 


0.4517 


0.8009 


0.0794 


0.018* 


H10B 


0.4072 


0.7655 


0.1092 


0.018* 


C11A 


0.40332 (6) 


0.72029 (7) 


0.05960 (4) 


0.0129 (2) 


C12A 


0.42293 (6) 


0.64826 (6) 


-0.02089 (4) 


0.0127 (2) 


C13A 


0.47480 (7) 


0.61050 (6) 


-0.00969 (4) 


0.0133 (2) 


C14A 


0.53007 (7) 


0.59015 (7) 


-0.03387 (4) 


0.0156(3) 


H14A 


0.5414 


0.5439 


-0.0285 


0.019* 
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0.3128 


A AA 1 C 

-0.0915 


A A A 1 sk 

U.U41* 


riZUr 


1 AAQQ 

i.uuyy 


A 1A*7A 
U.3U /U 


A A/1Q1 

— U.U4y3 


A A/1 1 * 

U.U41 


CZ1B 


I.UZjjZ [y ) 


U.44jZo (o ) 


A AA"7 11 /'/I \ 

— u.uy /ii (4j 


A AT/1 1 / 1\ 

U.UZ43 (3 ) 


O O 1 F\ 

riZlD 


1 A"7A1 
l.U /U3 


A /I C/1 1 

U.4341 


A AOA 1 

— u.u&y i 


A A1£* 

U.U3o 


H21E 


1.0010 


0.4867 


A AAO O 

-0.0966 


A AT C sk 

0.036* 
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0.6109(13) 


0.0393 (7) 


0.047 (7)* 
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0.9381 (13) 


0.3845 (13) 


0.0434 (7) 


0.048 (7)* 
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0.8215 (12) 


0.2413(13) 


-0.0329 (7) 


0.044 (7)* 


H1A2 


0.3405 (12) 


0.7665 (13) 


-0.0342 (7) 


0.046 (7)* 



Atomic displacement parameters (A 2 ) 





U n 


U 22 


C/ 33 


U 12 


U li 


U 2i 


S1A 


0.0251 (2) 


0.0266 (2) 


0.0283 (2) 


-0.00512 (15) 


0.00349 (15) 


0.00306 (15) 


OlA 


0.0161 (5) 


0.0160 (5) 


0.0152 (5) 


0.0019 (4) 


-0.0022 (4) 


0.0011 (4) 


02A 


0.0244 (5) 


0.0190 (5) 


0.0120 (5) 


0.0062 (4) 


-0.0003 (4) 


0.0023 (4) 


03A 


0.0176 (5) 


0.0181 (5) 


0.0123 (4) 


0.0031 (4) 


-0.0013 (4) 


0.0014(4) 


04A 


0.0201 (5) 


0.0188 (5) 


0.0141 (5) 


0.0038 (4) 
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0.0022 (4) 


CIA 


0.0171 (6) 


0.0165 (6) 


0.0186 (6) 
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0.0015 (5) 
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0.0150 (6) 
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0.0152 (6) 


0.0150 (6) 
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-0.0022 (5) 


0.0015 (5) 
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0.0121 (6) 


0.0137(6) 


0.0121 (6) 


0.0000 (4) 


-0.0018 (4) 


0.0009 (4) 
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Geometric parameters (A, °) 




SI A — C2A 


1.6829 (14) 


S1A— CIA 


1.7071 (15) 


OlA— C11A 


1.2530 (16) 


02A— C7A 


1.3368 (16) 


02 A— H1A2 


0.87 (3) 


03A— C13A 


1.3308 (16) 


03A— HI A3 


0.88 (3) 


04A— C17A 


1.2524 (17) 


CIA— C4A 


1.3722 (19) 


CIA— H1AA 


0.9500 


C2A— C3A 


1.458 (2) 


C2A— H2AA 


0.9500 


C3A— C4A 


1.4246 (19) 


C3A— H3AA 


0.9500 


C4A— C5A 


1.5249 (18) 


C5A— C6A 


1.5247 (18) 


C5A— C12A 


1.5252 (18) 


C5A— H5AA 


1.0000 


C6A— C7A 


1.3708 (18) 


C6A — Cll A 


1.4452 (18) 


C7A— C8A 


1.4995 (19) 


C8A— C9A 


1.5323 (19) 


C8A— H8AA 


0.9900 


C8A— H8AB 


0.9900 


C9A— C20A 


1.5265 (19) 


C9A— C21A 


1.5293 (19) 


C9A— CI OA 


1.5293 (19) 


C10A— Cll A 


1.5069 (19) 


C10A— H10A 


0.9900 


CI OA— HI OB 


0.9900 


C12A— C13A 


1.3711 (18) 


C12A— C17A 


1.4459 (18) 


C13A— C14A 


1.4956 (19) 


C14A— C15A 


1.5317(19) 


C14A— H14A 


0.9900 


C14A— H14B 


0.9900 


C15A— C16A 


1.5272 (19) 


CI 5 A— C18A 


1.5298 (19) 


C15A— C19A 


1.5324 (19) 


C16A— C17A 


1.5087 (19) 


C16A— H16A 


0.9900 


C16A— H16B 


0.9900 


C18A— H18A 


0.9800 


C18A— H18B 


0.9800 


C18A— H18C 


0.9800 


C19A— H19A 


0.9800 



C4B — C5B 


1.5244 (19) 
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Symmetry codes: (i) -x+1, ->>+3/2, z; (ii) -x+2, -y+1/2, z. 
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